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Abstract

Background: Recent studies suggest an intergenerational influence of stress such that maternal 

exposure even before pregnancy could impact offspring health outcomes later in life. In humans, 

investigations on the impact of maternal stressors on offspring health outcomes, including stress-

sensitive biomarkers, have largely been limited to extreme stressors. Prior studies have not 

addressed more moderate maternal stressors, such as rotating night shift work, on offspring stress 

markers in young adulthood.

Methods: We investigated the association between maternal rotating night shift work before 

conception and offspring salivary cortisol and alpha amylase (sAA) patterns in young adulthood 
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among mothers enrolled in the Nurses’ Health Study II (NHSII) and their offspring participating in 

the Growing Up Today Study 2 (GUTS2). Our sample included over 300 mother-child pairs 

where, between 2011 and 2014, the children provided 5 saliva samples over the course of one day. 

We used piecewise linear mixed models to compare awakening responses, overall slopes as well as 

several other diurnal patterns of cortisol and sAA between offspring born to shift working versus 

non-shift working mothers.

Results: Offspring born to shift working mothers had a flattened late decline in cortisol (percent 

differences in slope (%D): 2.1%; 95%CI: 0.3, 3.8) and their sAA awakening response was steeper 

(%D −37.4%; 95%CI: −59.0, −4.4), whereas sAA increase before bedtime appeared less 

pronounced (%D −35.9%; 95%CI: −55.3, −8.3), compared to offspring born to mothers without 

shift work. For cortisol, we observed a significant difference in the Area Under the Curve (AUC) 

(%D 1.5%; 95%CI: 0.3, 2.7) with higher AUC for offspring of mothers who worked rotating night 

shifts. In offspring-sex-stratified analyses we found differences primarily among males.

Conclusion: Our results provide some – albeit modest - evidence that maternal rotating night 

shift work—a moderate stressor—influences offspring stress markers. Future studies with larger 

samples sizes, more detailed exposure assessment (particularly during maternal pregnancy), and 

multiple offspring biomarker assessments at different developmental stages are needed to further 

investigate these associations.

Keywords

Maternal night shift work; Circadian disruption; Intergenerational; Offspring stress; Cortisol; 
Salivary alpha amylase

1. Introduction

Stress-related biomarkers can offer insights about the pathophysiology of downstream 

disease phenotypes. Among other stress response pathways, dysregulation of hypothalamic-

pituitary-adrenocortical (HPA) axis production of cortisol and the sympathetic-adrenal-

medullary (SAM)-axis release of catecholamines (e.g., epinephrine) have received much 

attention in recent literature [23].

Several exposures including smoking, physical activity as well as chronic stress have been 

linked to altered cortisol and sAA levels [26,29]. These, in turn, have been associated with 

adverse health outcomes in adults [25,28]. In addition, there is also recent evidence for 

trans- and intergenerational influences on offspring health outcomes, possibly mediated by 

altered stress responsive biomarkers [7,9,19,38].

Night shift work is an established reality in most Western countries: e.g. in a 2004 survey the 

Bureau of Labor and Statistics reported that almost 18% of the US work force worked 

alternative shifts [21]. Rotating night shift work, in particular, is emerging as an 

occupational risk factor for chronic diseases (obesity, type 2 diabetes, cardiovascular 

diseases [24,32,33] and mental health [11]), likely because of social and biological stress 

[16] due to chronic misalignment between the internal circadian rhythm and the behavioral 

rhythm imposed by external factors.
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In addition to health consequences experienced by the exposed individual, recent studies 

also report epigenetic alterations in nurses working night shifts [5,39]. Keenan et al. [17] 

recently suggested to extend the developmental origins of disease model to include 

preconception stress exposure as e.g. results from animal models show that adult mice 

exposed to social defeat stress before conception bear offspring with increased baseline 

levels of corticosterone, the main glucocorticoid involved in regulation of stress [10]. Babb 

et al. [3] studied the transgenerational effects of maternal chronic social stress on offspring 

behavior and endocrinology in rats. They found that offspring of rats who were exposed to 

stress across two generations presented with impaired social behavior and decreased basal 

concentrations of corticosterone compared to offspring of non-exposed rats, independent of 

offspring sex. While there is a rich literature on sex differences in stress responses to 

exposures occurring at different developmental stages also including the pre-natal phase [4] - 

only little is known regarding differential offspring responses by sex to parental stress 

exposure occurring before conception [7].

Particularly studies in humans are scarce so far, and have primarily focused on associations 

between extreme and in some cases acute stress exposures before [12] or during pregnancy 

[37] and offspring mental health and stress responses.

To date, little is known about the relationships between more moderate chronic health 

stressors, such as circadian disruption (due to rotating night shift work) before pregnancy 

and offspring stress-sensitive biomarkers. To explore these associations, we utilized 

information on maternal preconception shift work exposure as well as offspring salivary 

cortisol and alpha amylase levels in more than 300 mother/child pairs participating in the 

Nurses’ Health Study II (NHSII) and Growing Up Today Study 2 (GUTS2).

2. Methods

2.1. Study population

Participants are mothers in the Nurses’ Health Study II (NHSII) as well as their children 

enrolled in the Growing Up Today Study 2 (GUTS2). Both studies are ongoing prospective 

cohort studies. NHSII was initiated in 1989 with the enrollment of 116,429 female US 

nurses, aged 25–42 years at that time, who returned a mailed questionnaire reporting on their 

lifestyle habits and health status. Information on these factors has been updated biennially 

since. GUTS2 was initiated in 2004, when invitations and questionnaires were sent to 17,280 

children of NHSII participants after obtaining maternal consent. 10,918 children aged 9 to 

16 years at that time responded and provided information on health, lifestyle factors and 

growth indicators and were administered follow-up questionnaires in 2006, 2008, 2011 and 

annually from 2013 to 2016.

The current study is based on a subset of GUTS2 participants who took part in the Saliva 

Substudy conducted between 2011 and 2014; this sub-study was originally designed to 

investigate stress response physiology in relation to sexual orientation and recent stressful 

life events [2]. Therefore, participants reporting their sexual minority status (participants 

who identified as mostly heterosexual, bisexual, mostly homosexual, gay, lesbian or who 

reported any history of same-sex sexual partners) were oversampled when recruiting 
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participants via e-mail invitations in 2011. Furthermore, participants were considered 

eligible if they were not currently pregnant or had not been pregnant in the previous six 

months, had not reported use of oral or inhaled steroids in the past month, had no history of 

cancer treatment, and had never been diagnosed with an endocrine disorder. Participants 

received $25 upon return of saliva samples as an incentive.

All involved studies have approval from the Committees on the Use of Human Subjects in 

Research at the Brigham and Women’s Hospital (Boston, MA, USA). For both cohorts, if 

participants returned the baseline self-administered questionnaire, it was assumed to imply 

informed consent.

2.2. Ascertainment of night shift work before pregnancy

In the baseline questionnaire in 1989 NHSII participants were asked to report the total 

number of years they had worked rotating night shifts, defined as “at least three nights per 

month in addition to working days or evenings in the respective month.” In biennial follow-

up questionnaires in 1991 and 1993 and a retrospective assessment in 2001 for the time 

between 1993 and 1995, this information was updated. We calculated cumulative shift work 

exposure before conception for children born between 1989 and 1995 by adding together the 

number of years the nurses reported rotating night shift work before conception for each 

child and also categorized mothers into ever - or never night shift workers. A timeline of 

exposure and outcome assessments is shown in Supplemental Fig. 1.

2.3. Saliva collection

GUTS2 participants were mailed saliva collection tools, along with a brief questionnaire, 

and were instructed to collect 5 saliva samples during one day. Specifically, they were asked 

to provide samples at: awakening; 45 min, 4 h and 10 h after awakening; and just before 

going to bed. Participants were asked not to brush their teeth before the first sample at 

awakening and further not to engage in vigorous physical activity, drinking, eating or 

chewing for at least 30 min before each subsequent sample. To assess adherence, 

participants filled out a log recording collection times and indicating whether they brushed 

their teeth, exercised, drank or ate in the previous 30 min.

2.4. Sample processing

Filled tubes were stored at the participant’s home refrigerator until completion of sampling 

and were returned via two-day delivery in a postage-paid mailer together with an ice pack to 

the BWH/Harvard Cohorts Biorepository where they were stored at −130 Centigrade.

Assays were conducted in the Rohleder Lab at Brandeis University. Cortisol was measured 

in duplicate using a competitive chemiluminescence immunoassay (CLIA; IBL-

International, Toronto, ON, Canada) and sAA was measured using commercially available 

luminescence immunoassay kits (CLIA; IBL, Hamburg, Germany) along with quality 

control (QC) samples provided by the BWH/Harvard Cohorts Biorepository. Aliquots of 

three distinct QC pools were distributed randomly among the participant samples and their 

identity was blinded from the assay laboratory. Two QC pool samples from at least two of 

the three available pool were included on each batch of samples and each pool was 
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represented in at least one-third of the analyzed batches [2]. Coefficients of variation for the 

study met the biorepository standard of 15% or below. Finally, potential batch effects were 

adjusted for using the average batch method [27].

2.5. Offspring saliva diary measures and additional maternal covariates

In questionnaires sent along with the saliva collection kits, offspring were asked to report on 

factors that might impact diurnal rhythms. In addition to information on sample collection 

compliance (including with the “wake-up” sample to confirm it was indeed obtained upon 

awakening), they reported sleep duration and quality in the previous night as well as on 

usual nights. Female participants were also asked whether they had used any form of 

hormonal contraception in the past month. Additionally, participants reported their current 

mood (“Do you feel worried, anxious, or fearful right now?” and “Do you feel happy, 

excited, or content right now?” with options ranging from 1-Not at all to 4-Extremely) for 

each of the five saliva collection. Since the saliva study was originally motivated by an 

hypothesis related to sexual orientation and stressful life events, we also had information on 

whether the participants belonged to a sexual minority group or self-reported exposure to 

traumatic experiences during the past month and past year using a modified version of the 

Stressful Life Events Screening Questionnaire [13].

In addition, we obtained data on maternal characteristics from the biennial NHSII 

questionnaires. Maternal age at delivery was calculated as the difference between mother 

and offspring dates of birth. Maternal diet quality was assessed in 1991 using a validated 

food frequency questionnaire (FFQ) [35], based on which the Alternative Health Eating 

Index (AHEI) score was derived [20]. Energy expenditure in metabolic equivalent (MET) 

hours per week was calculated based on self-reported frequency of various physical 

activities in 1989 [1]. Information on smoking habits, weight and height was utilized from 

the time most proximal to and before the conception of the first included child. Information 

on lifetime history of depression was based on self-reports, first ascertained in 2003, and as 

proxy for socioeconomic status, we ascertained information on their husband’s level of 

education in 1999. Further, maternal chronotype information was obtained in 2009 by asking 

a single question from the Morningness-Eveningness Questionnaire [14], previously 

validated for classifying individuals as “definitely a morning type,” “rather more a morning 

than an evening type,” “rather more an evening than a morning type,” “definitely an evening 

type” or neither.

2.6. Statistical analysis

Both cortisol (nmol/L) and sAA (nmol/L) were log-transformed due their skewed 

distributions and saliva collection time was centered at awakening. Before log-transforming 

cortisol and sAA values, we replaced extreme outlier values with values equal to the mean 

plus 2.5 standard deviations. In exploratory analyses, we fit piecewise cubic spline functions 

with 3 knots chosen at the preplanned saliva collection times (45 min, 4 h, and 10 h after 

awakening) to identify time points at which inflections in diurnal rhythms occurred (see Fig. 

1). Informed by these exploratory curves, we decided to place a knot at 16 h rather than at 10 

h to capture the corresponding rhythm patterns. Similar patterns and analyses approaches 

were previously reported in Huang et al. [15]. Specifically, we set out to investigate 
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differences in five key metrics: 1) awakening level (baseline level at awakening), 2) 

awakening response (change between awakening and 45 min after awakening), 3) early 
decline (change between 45 min and 4 h after awakening), 4) late decline (change between 4 

h and 16 h after awakening), and 5) night rise (change between 16 h after awakening and 

bedtime). We examined differences in these 5 metrics across categories of maternal rotating 

night shift work exposure using linear mixed models with piecewise linear splines; 

differences were quantified by including multiplicative interaction terms between the shift 

work exposure variable and each of the three spline functions and defining respective 

contrasts through linear combinations of the estimated parameters. Results are presented as 

percentage differences, calculated by exponentiating the respective coefficients (or linear 

combinations of these) and subtracting one. Additionally, we computed differences in the 

area under the curve (AUC) from awakening to 16 h to compare differences in diurnal 

output. Overall slopes, capturing changes from awakening to bedtime as well as slopes based 

on only 4 measurement times were also calculated while leaving out the peak values at 45 

min after awakening. Geometric means and geometric standard deviation factors of the 

outlier corrected data on the original scale are also reported for each of the 5 time points.

We present unadjusted models, as well was two multivariable (MV) adjusted models. In MV 

model 1 we adjusted for offspring age at sample collection, saliva collection characteristics 

(teeth brushed, ate, drank, exercised, happy, worried), usual hours of sleep, last night’s hours 

of sleep, trauma score in the last month, belonging to a sexual orientation minority group, 

compliance with the wake-up sample, and oral contraceptive use in females. In MV model 2 

we additionally adjusted for maternal characteristics, such as maternal age at birth, body 

mass index (BMI) before pregnancy, smoking status before pregnancy, diet quality, physical 

activity, husband’s education, maternal lifetime history of depression and chronotype. 

Missing indicators were created for missing covariate values.

In addition to analyses in the entire sample, we also present analyses stratified by sex of the 

offspring to allow adequate consideration of contraceptive hormone use. Since we recently 

found evidence for an effect modification by chronotype of the association between maternal 

night shift work exposure before pregnancy and offspring lifetime depression risk [31], we 

also performed analyses stratified by maternal chronotype. All analyses were performed in 

SAS 9.4 for UNIX (SAS Institute).

2.7. Final sample for the analyses

In total n = 6980 GUTS participants were invited whereof n = 1966 participated in the saliva 

collection. Out of these n = 774 GUTS2 participants provided at least one usable saliva 

sample. Since maternal shift work history was assessed for the first time at the 1989 NHSII 

baseline questionnaire, we considered only GUTS2 participants (n = 392) who were born to 

NHSII participants (n = 375) in 1989 or later. We also excluded twins and triplets (11 

children, 4 mothers). For both the cortisol and sAA analyses we restricted to participants 

who provided at least 4 saliva samples and whose reported saliva collections times were 

within a 24-h window after waking up. In the cortisol analyses, we included 355 participants 

(345 mothers) and a total of 1758 cortisol samples in the final sample for analyses. In the 
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sAA analyses, 320 participants (310 mothers) and a total of 1543 sAA samples were 

included after applying the same exclusion criteria.

3. Results

Among the 355 young adults included in our cortisol analysis sample (Table 1), 228 (64%) 

were born to mothers who had worked rotating night shifts before conception. Their average 

age at saliva collection was 20.0 (SD 1.1) years and 250 (70%) were female. About 23% of 

the sample reported belonging to a sexual minority group, with similar distributions across 

exposure groups and for male versus female offspring. Compliance with obtaining the wake 

up sample upon awakening was similar in males versus females, while in both groups the 

compliance was slightly higher for offspring born to mothers with a history of rotating night 

shifts versus those with no such history. Reports of being worried or happy were comparable 

across groups of maternal night shift work history and offspring sex, while males reported 

shorter sleep duration. Maternal age at birth of the included offspring was 33.4 (SD 3.6) 

years overall and was similar across offspring sex and exposure groups. Distributions of 

BMI before pregnancy, diet quality and physical activity also did not differ markedly across 

the different strata. However, mothers who worked rotating night shifts tended to smoke less, 

were more likely to be definite morning types and were more likely to have a history of 

depression in our sample.

As shown in Fig. 1A, cortisol level generally increased after awakening, reaching a peak 

slightly before 1 h after awakening, followed by a sharp decline until roughly 4 h after 

awakening and less rapid decline until 16 h after awakening. After 16 h, cortisol levels rose 

until bedtime. Compared to cortisol, sAA profiles followed an almost inverse pattern (Fig. 

1B), with a sharp decline within the first hour after awakening, followed by a relatively rapid 

increase until 5 h after awakening and flattening out afterwards.

Overall, we did not observe any major differences in diurnal rhythms of cortisol or sAA 

between offspring born to mothers who worked rotating night shifts before pregnancy 

compared to those whose mothers did not work rotating night shifts. Late decline in cortisol 

levels (between 4 h and 16 h after awakening) was flattened (percent differences in slope: 

2.1%; 95%CI: 0.3, 3.8; Table 2, Fig. 2(A)), sAA awaking response (decline between wake-

up sample and 45 min after awakening) was steeper (percentage difference −37.4%; 95%CI: 

−59.0, −4.4; Table 3, Fig. 3(A)), and sAA showed a decrease before bedtime (−35.9%; 

95%CI: −55.3, −8.3; Table 3, Fig. 3(A)) in offspring born to shift working mothers, 

compared to those born to mothers without shift work.

In sex stratified analyses, cortisol slopes based on all collection times were slightly flatter in 

female offspring born to night shift working mothers (percent difference in overall slope: 

1.5%; 95%CI: 0.1, 2.9 Table 2, Fig. 2(B)), compared to female offspring whose mothers did 

not work night shifts. Male offspring born to shift working mothers had higher awakening 

cortisol levels (34.6%; 95%CI: 4.0, 74.2; Table 2, Fig. 2(C)), followed by a steeper early 

decline (between 45 min and 4 h after awakening. −12.5%; 95%CI: −21.0, −3.1) and a 

flatter late decline (between 4 h and 16 h after awakening, 4.6%; 95%CI: 1.2, 8.2) compared 

to male offspring whose mothers did not work night shifts. None of the sAA components 
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were significantly different in female offspring (Table 3, Fig. 3(B)), while male offspring 

born to night shift working mothers showed a more pronounce awakening response (change 

between wake up and 45 min after awakening, −65.1%; 95%CI: −84.5, −21.4, Fig. 3(C)).

Stratified results by maternal chronotype are shown in Supplemental Tables 1 and 2. Overall, 

we did not observe any consistent differences in cortisol or sAA patterns by chronotype, 

although these analyses were limited by small numbers in each stratum.

In Supplemental Tables 3 and 4 geometric means and geometric standard deviation factors 

of the outlier corrected cortisol and sAA data on the original scale for the 5 measurement 

times.

4. Discussion

Utilizing night shift work history information from mothers participating in NHSII and 

saliva samples of their offspring enrolled in GUTS2, we found no major overall differences 

in cortisol or alpha amylase patterns between offspring born to mothers who had worked 

rotating night shifts before conception versus offspring whose mothers did not. However, we 

observed some differences in cortisol and sAA patterns suggesting a slightly different stress 

marker profile in offspring of women with chronic exposure to night shift work prior to 

pregnancy, compared to offspring of women who never worked night shifts. The observed 

differences were primarily found in male offspring, suggesting possible sex-specific 

differences in response to maternal pre-conceptional stress exposure.

Rotating night shift work is a recognized social and biological stressor [30], and studies have 

previously shown higher risk of several chronic disease outcomes [33,34] as well as altered 

cortisol [8] and sAA [22] levels among night workers, compared to non-night workers. 

However, to the best of our knowledge no prior study has investigated the effect of rotating 

night shift work exposure before pregnancy on offspring stress markers in adulthood.

Previous research in animals suggests a transgenerational effect of stress, as reviewed by 

Klengel et al. [18]. More particularly, studies by Dietz et al. [10] in mice and Babb et al., 

(2014) in rats include reports on altered corticosterone levels in offspring born to mice 

exposed to chronic social defeat stress during adulthood and rats exposed to a chronic social 

stress protocol during early life [6]. Recently Bale and Epperson [4] reviewed data findings 

and mechanisms driving sex differences in stress responses through all stages of life, starting 

with exposure during gestation. However, literature on responses to parental stress exposure 

before conception is still scare [7] and potential sex difference and underlying mechanisms 

remain to be elucidated.

To date, few studies on inter- and transgenerational effects of stress exposure have been 

conducted in humans. Most of the research has focused on severe stressors, such as PTSD 

(post-traumatic stress disorder) following the World Trade Center attack or the Holocaust 

[12,36,37]. Relevant in this context, Yehuda et al. investigated cortisol levels of babies born 

to mothers who were exposed to the World Trade Center attack during pregnancy and found 

that babies born to mothers who developed PTSD had lower awakening and bedtime cortisol 

levels [37]. However, literature regarding the effects of prenatal stress exposures on stress 
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marker profiles assessed later in the life of the offspring are scarce. Our study provides 

evidence to suggest changes in the stress marker profiles of offspring born to mothers with 

chronic night work exposure before pregnancy; thus, further study on potential transand 

intergenerational effects of chronic moderate and low-level stress in mothers is warranted.

Strengths of this study include its consideration of numerous potential confounding 

variables, including maternal lifestyle and socioeconomic status as well as detailed 

information about behaviors and mood on the day of sample collection. Further, the repeated 

collection of saliva at five well-defined time points throughout one day allowed us to 

characterize diurnal cortisol and alpha amylase patterns in great detail.

Several limitations need to be mentioned. The self-reported nature of the rotating night shift 

work exposure could have led to exposure misclassification. However, potential 

misclassifications are most likely non-differential and hence would have made it less likely 

to detect differences in the outcome (i.e., would tend to be biased toward, rather than away, 

from the null). Unfortunately, we did not have information on night shift work exposure 

during pregnancy. Therefore, we could not disentangle the total effect of maternal pre-

conceptional shift work exposure on offspring stress markers into components solely driven 

by pre-conceptional shift work, solely shift work during pregnancy or the combination of 

pre-conceptional and during pregnancy exposure. Compliance to sampling time (especially 

regarding the first morning sample) was simply assessed by comparing self-reported wake-

up and sample collection times. These assessments could be improved by electronic 

sampling protocols in future studies. While it is possible to measure cortisol levels in saliva, 

most research involving the SAM-axis still involves collection of urine or blood. However, 

Nater and colleagues established methods to determine SAM-axis activity in samples of 

saliva, which is easier to collect; salivary alpha-amylase (sAA) is a stress-sensitive 

biomarker of SAM-axis activities [26]. Despite the overall large sample size of the saliva 

sub-study, the sample size for the current analysis was smaller, resulting in power 

limitations, particularly in the stratified analyses. Finally, our sample consisted 

predominantly of non-Latino white U.S. nurses and their children raised in largely middle-

income households. Hence, our findings might not be directly generalizable to other 

populations.

In conclusion, we found no major differences in salivary cortisol and alpha amylase patterns 

in early adulthood comparing offspring of mothers who worked rotating night shifts before 

conception to those whose mothers did not. Future studies with larger samples sizes, more 

detailed exposure assessment, particularly also in utero information, and multiple offspring 

biomarker assessments at different developmental stages are needed to further investigate 

these associations, also investigating differences by offspring sex.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. 
(A) Diurnal cortisol rhythms including the entire sample (n = 355 participants). (B) Diurnal 

alpha amylase (sAA) rhythms including the entire sample (n = 320 participants). Curves 

were created based on predictive values from mixed models with piecewise cubic spline 

terms.
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Fig. 2. 
Log- transformed diurnal salivary cortisol rhythms of the total sample (A), the female 

sample (B) and the male sample (C) by maternal shift work exposure before pregnancy 

comparing offspring whose mothers worked night shift work before pregnancy (red curve) to 

offspring whose mothers never worked night shifts before pregnancy (blue curve). The 

curves are based on predictive values obtained from a linear mixed effect models with 

piecewise linear terms of the time variable.
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Fig. 3. 
Log- transformed diurnal salivary alpha amylase (sAA) rhythms of the total sample (A), the 

female sample (B) and the male sample (C) by maternal shift work exposure before 

pregnancy comparing offspring whose mothers worked night shift work before pregnancy 

(red curve) to offspring whose mothers never worked night shifts before pregnancy (blue 

curve). The curves are based on predictive values obtained from a linear mixed effect models 

with piecewise linear terms of the time variable.
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